Background: Mammary tumours represent about 50 to 70% of all neoplasms in female dogs and their occurrence is directly related to the reproductive status and patient´s age. The purpose of this research was to apply the Brazilian consensus on diagnosis, prognosis and treatment of canine mammary tumours and to define the regional epidemiological aspects of canine mammary gland tumours in Vitoria metropolitan region (ES, Brazil) between 2012 and 2016 and to correlate the macroscopic characteristics such as lesion size and location of the neoplasm with histopathological diagnosis, tumours grade and lymph node metastasis. Materials, Methods & Results: Data were collected from the archives of the Laboratory of Animal Pathology of UVV and medical records of patients attended at the Veterinary Hospital Prof. Ricardo Alexandre Hippler in 5 years (2012 to 2016). The animals were separated into groups by age to facilitate classification in the group with the highest occurrence of neoplasms. The evaluation of the macroscopic characteristics was performed through the histopathological record described in the pathology laboratory, for each patient, at the time of the initial evaluation. After descriptive analysis, data was correlated using Spearmann test, and frequency dispersion was evaluated using chi-square test, both in the software Graph Pad Prism v. 6.01. This study included 255 bitches and diagnosis of 486 lesions, once 48.6% of the dogs had more than one lesion, classified according to the Brazilian Consensus for Canine Mammary Tumours and graded according to Elston and Ellis system. 86.8% of lesions were consistent with actual mammary neoplasms, of which 67% were malignant and 20% were benign. Non-neoplastic lesions corresponded to 7.2% of cases and 5.8% were extra-mammary neoplasms, with an increased incidence of lipomas (39.3%) and mast cell tumours (32.1%). Cross-breed dogs represented 26.7% of cases. Poodles (25.5%), Pinschers (9.8%) and Dachshund (4.7%) were overrepresented. Among mammary glands, inguinal and caudal abdominal were the most affected with 30.8% and 25.4%, respectively. Regarding the histopathological grade, 43.7% of the malignant mammary gland tumours were grade I, 40% grade II and 16.2% grade III. The neoplasms smaller than 3 cm in diameter, corresponded to 43.7% malignant neoplasms, of which 75 corresponded to grade I. Those larger or equal to 3-5 cm in diameter corresponded to 22.1% malignant neoplasm, of which 31 corresponded to grade II, and those larger than 5 cm in diameter corresponded to 25.8% malignant neoplasms, of which 34 corresponded to grade II. Macroscopic ulceration was reported in 35/486 neoplasms; of these, 85.7% were malignant. Microscopically necrosis was evidenced in 11.7% of malignant neoplasms and there was a weak, positive correlation between the occurrence of necrosis and ulceration (P < 0.0001; rs = 0.223), which was also correlated with tumour size and histological grade. Of these patients, 24.4% had metastases, and of these, 8.8% presented macroscopic abnormalities in the lymph node. Discussion: Older dogs are at higher risk of developing malignant mammary gland tumour when compared to young bitches, most neoplasms with a histopathological grade III occurred in animals older than 10 years, in agreement with the literature. Age increasing might be related to more biologically aggressive mammary gland tumours. Early neutering is commonly recommended to prevent proliferative abnormalities in the mammary glands, but it has been related to several disorders, and neoplasms, in some breeds. Multiple tumours in more than one mammary gland with different histopathological diagnoses among them, isn't related to multicentric disease or worse prognosis, as also seen in this survey. Among mammary glands, the inguinal and caudal abdominal are often the most affected, as it was observed in this study; however, no differences were observed in the occurrence of malignant neoplasms, benign or non-neoplastic.
INTRODUCTION
Mammary gland tumours are very common in dogs and cats [14] , representing the second most frequent tumor in dogs, and the third in cats [4] . This occurrence is directly related to the reproductive status and patient´s age [19, 14] .
Hormonal influences (mainly ovarian), obesity at a young age, fat or animal protein intake [7] were associated with an increased risk of developing breast cancer in bitches and women [4, 14, 33] . Spaying has a protective effect on the development of mammary tumours in bitches. It was found that the risk reduces to 0.5%, 8% and 26% if neutering is performed before the first, second and third oestral cycles, respectively [14, 24, 42] . Spaying after the fourth oestrus does not reduce the risk of developing breast neoplasia in this specie [14] .
Surgery is the treatment of choice for all dogs with mammary tumours, except for inflammatory carcinoma [19, 35] and the surgical techniques include lumpectomy or nodulectomy, simple mastectomy, regional mastectomy, or radical mastectomy [19] . The final diagnoses are only obtained after histopathological examination, usually performed after surgery.
The number of dogs presenting with mammary gland tumours is apparently high in Vitória metropolitan region, ES, Brazil, however regional epidemiological characteristics remain unknown. This study aimed to apply the Brazilian consensus [5] and define the regional epidemiological aspects of mammary gland tumours between 2012 and 2016 and to correlate the macroscopic characteristics such as lesion size and location of the neoplasm with histopathological diagnosis, tumour grade and lymph node metastasis.
MATERIALS AND METHODS

Animals
This study is a clinical and histopathological survey of bitches submitted to surgical treatment at the Veterinary Hospital Prof. Ricardo Alexandre Hippler and diagnosed by the Laboratory of Animal Pathology, at UVV, ES (Brazil) between 2012 to 2016.
Medical records were reviewed for patient´s identification (breed, sex, reproductive status and age). The animals were separated into groups by age (less than 3 year-old -young, 3 to 8 -adults, and above 8 year-old -elderly) to facilitate classification in the group with the highest occurrence of neoplasms.
Histopathology
Histopathological sections stained with hematoxylin and eosin were reviewed by optic microscopy.
The classification was performed as proposed by Cassali et al. [5] . Histological grading was performed according to Elston and Ellis [9] grading system, by scoring, the amount of tubular formation, nuclear pleomorphism and number of mitoses in 10 random high-power-fields (400x).
Statistical analysis
After descriptive analysis, data was correlated using Spearmann test, and frequency dispersion was evaluated using chi-square test, both in the software Graph Pad Prism v. 6.01. Differences were considered significative if P < 0.05. Significant correlations were considered weak when it occurred in less than 9% of the studied population (rs < 0.3), moderate if it occurred in 9 to 49% of the studied cases (0.3 < rs < 0.7) and strong if it occurred in more than 49% of the population (rs > 0.7).
RESULTS
This study included 255 bitches and diagnosis of 486 mammary lesions (mean of 2.2 lesions per dog), once 48.6% (109/255) of the dogs had more than one lesion. Cross-breed dogs represented 26.7% of cases (68/255). Poodles (25.5%), Pinschers (9.8%) and Dachshund (4.7%) were overrepresented.
Age was reported in 93.3% of the dogs (238/255) and ranged from 2 to 16 years (10.2 ± 2.8). Most neoplasms occurred in bitches older than 8 years, representing 61.6% of cases (157/238). Dogs with 3 to 8 year-old, represented half of it (31% of cases, 79/238) and those with less than 3 year-old represented only 0.8% (2/238) [ Figure 1 ].
Spearmann test, revealed a weak, but positive correlation of age, with the development of malignant neoplasms (P = 0.01; rs = 0.118) higher histological grades (P = 0.002; rs = 0.146), occurrence of necrosis (P = 0.04, rs = 0.096) and lymph node metastasis (P = 0.03; rs = 0.123). Chi-square test also revealed a greater tendency of developing malignant neoplasms in animals older than eight years (P = 0.04) [ According to the size, neoplasms smaller than 3 cm in diameter corresponded to 143/326 malignant neoplasms, of which 74 corresponded to grade I. Those larger or equal to 3-5 cm in diameter corresponded to 72/326 malignant neoplasm, and of these, 31 were grade II tumours, and those larger than 5 cm in diameter corresponded to 84/326 malignant neoplasms, of which 34 were classified as a grade II (Table 4 ). According to the Spearmann's test, tumour size also correlated positively, although weakly, with malignant neoplasms (P = 0.002; rs = 0.203), with higher histopathological grade (P < 0.0001, rs = 0.146) ulceration (P < 0.0001; rs = 0.129), and metastasis in the lymph nodes (P = 0.002; 0.175). Spearmann test also revealed a positive correlation of the histopathological grade with tumour size (P < 0.0001, rs = 0.265), occurrence of necrosis (P < 0.0001, rs = 0.233) and ulceration (P < 0.0001, rs = 0.363). The correlations were weak for tumour size and occurrence of necrosis, but moderate for ulceration. Mammary glands inguinal and caudal abdominal were more affected, 30.8% and 25.4%, respectively. Unfortunately, in this study it was possible to identify the information of the reproductive status before the diagnosis only in 47.8% (122/255) dogs. 5.9% of dogs (15/255) were spayed before diagnoses of mammary tumor, and most of them had malignant neoplasms (12/15). However, it was not possible to tell at what age these bitches were neutered. Spaying was performed, along with mastectomy in 34.9% of dogs (89/255).
DISCUSSION
The genes BRCA1 and BRCA2 are known as important risk factors for the development of breast neoplasia in humans, and they were also associated with the high risk of developing mammary tumours in Cocker Spaniel [3, 27, 28, 42] , although this breed was not prevalent in this study. Breed predisposition is not well established in the literature, since the difference may be related to the profile of the canine population at each survey. However, the incidence was similar to what is described by other authors [17, 25, 39] .
Most neoplasms occurred in bitches older than eight years, as described in the literature [10, 24] . Mammary gland tumours occur mainly in dogs between 7 and 13 year-old, and it is considered rare in young animals, with less than 4 year-old [14, 19] . The relative risk increased from 1% to 6% and 13% in bitches with 6, 8 and 10 years, respectively [8] , although large-breed dogs may develop it at a younger age [14] .
Spearmann test and Chi-square test, revealed on this study, a greater tendency of developing malignant neoplasms in animals older than eight years, as evidenced by another studies [4, 14, 18, 39] . Aging results in a greater probability of genetic mutations accumulation, and the detection and elimination of these cells by immune mechanisms occur less effectively [34] . Progression of hyperplasic or benign lesions to malignancies may take several months [14] , which leads to such difference in frequency dispersion of benign or malignant mammary gland tumours in dogs, according to age.
The influence of ovarian hormones on the initiation and progression of breast neoplasms is well studied through the expression of oestrogen and progesterone receptors in mammary tissue [21] . Prolactin, oestrogen and progesterone receptors are expressed in high concentrations in the normal mammary gland, but reduced in adenomas and, especially, in carcinomas [20, 38] . These hormones, especially when the animal receives exogenous progestogens, induce dysplastic and hyperplastic changes that can progress to benign and malignant neoplasms, with subsequent loss of hormonal dependence, from the moment the process becomes autonomous [14] . The use of oestradiol ciprionate, as an abortive drug, is associated with ductal growth, although no increase in the incidence of breast tumours has been reported in dogs [19, 21] . The use of synthetic progestins, such as megestrol acetate and medroxyprogesterone acetate, to prevent oestrus, is associated with lobe--alveolar development, with hyperplasia of the secretory and myoepithelial elements [22] , and low doses of this hormone predisposes the formation of benign neoplastic nodules [14, 21] . The combination of oestrogen and progesterone, especially when performed for long periods and in high doses, seems to induce the development of malignant breast neoplasms [14, 30] .
Therefore, early neutering is commonly recommended to prevent proliferative abnormalities in the mammary glands.
Nevertheless, early neutering has been related to several disorders [1, 26, 29, 37] . It may impair development of external genitalia and skeletal growth, along with a greater risk of obesity, which might result in an increased risk of coxofemoral dysplasia, elbow dysplasia, and / or cranial cruciate ligament rupture, as well an increased risk of adrenal gland dysfunction, urinary incontinence, behavioural changes, hypothyroidism, epilepsy, and an onset of neoplasms, such as osteosarcoma, mainly in the Rottweiler [6] ; transitional cell carcinoma of the bladder, mainly in the Scottish Terrier [26] ; cutaneous mast cell tumor in Boxers, Labrador Retrievers, Golden Retrievers and Pugs [41] . Besides mast cell tumours, hemangiosarcoma and lymphoma were associated with neutering (early or late) in males and female Golden Retrievers [16, 40] .
Pseudocyesis is related to an early onset and higher development of malignant mammary gland tumours [25] . It is often observed in bitches due to prolonged duration of luteal phase, which leads to high concentrations of serum progesterone and consequently mammary development, followed by oestrogen and prolactin production. The intensity and duration of oestrogen and prolactin exposure in the mammary gland increases the risk of mammary cancer [33] . Prolactin facilitates the pro-mitotic action of oestrogen by increasing the expression of its receptors [11, 33] . The pseudocyesis was informed in 24 clinical files (24/255), of which 18 (7.06%) presented this pathology, and due to insufficient data, it was not possible to correlate it with the incidence of mammary gland tumours.
Among mammary glands, the inguinal and caudal abdominal (M5 and M4) are often the most affected [10, 14, 23, 39] , as it was observed in this study, representing 30.8% and 25.4% of mammary gland tumours, respectively. The explanation for the greater frequency of this location is that these glands present a greater amount of mammary parenchyma, and, therefore, an increased number of hormonal receptors [14, 36] . However, no differences were observed in the occurrence of malignant neoplasms, benign or non--neoplastic, by the chi-square test (P = 0.4) and there was no correlation with the other studied variables.
In this study, 48.6% (109/255) of the dogs had more than one lesion, and 85% of dogs (217/255) had at least one malignant mammary gland tumour. These results are similar to those described by other surveys [2, 12, 17] , in which 60% of the dogs presented multiple tumours in more than one mammary gland with different histopathological diagnoses among them, although these is not be related to multicentric disease or worse prognosis [35] . Cassali [4] states that about 50% of breast neoplasms are benign and that carcinomas correspond to approximately 45%. Nevertheless, in this study, the distribution of lesions was similar to what is reported by other Brazilian studies, with an incidence of malignancies exceeding 60%, probably due to the delay in the search for veterinary assistance [10, 11, 17, 24] , and transformation of benign mixed tumor into in situ or invasive lesions [5] . First world countries reveal a different picture with an incidence of malignancy between 41 to 53% [11, 19, 31] .
The most frequent benign neoplasms were the tubular adenoma (45.4%, 44/97) and benign mixed tumour (28.9%, 28/97) [ Table 2 ], which differs from Horta et al. [17] , in Belo Horizonte (MG, Brazil), that showed a higher frequency of benign mixed tumour.
Among the malignant neoplasms the most frequent was the carcinoma in mixed tumour according to the Brazilian classification [5] , which corroborates the fin- dings of earlier studies [10, 23] , corresponding to 188/326 (57.7%). Followed by tubular carcinomas, corresponding to 15%, (49/326). These results converge with another study [14, 15] that found a similar prevalence of tubular carcinomas (17/63), when using the Brazilian consensus. The prevalence according to tumour grade different from Frehse et al. [13] , who reported a higher occurrence of grade II tumours. Most neoplasms with a histopathological grade III occurred in animals older than 10 years (P < 0.0001), and in agreement with the literature, age increasing might be related to more biologically aggressive mammary gland tumours [14, 18] .
Chi-square test revealed a higher tendency to malignancy and a higher histological grade in T2 (3-5 cm) and T3 (> 5 cm) lesions compared to T1 (<3 cm) lesions, with P = 0.0002 and P = 0.05, respectively, as stated by Feliciano et al. [11] and Goldschmidt et al. [14] . T2 and T3 lesions also had a higher grade compared to T1 lesions, with P = 0.001. The worst prognosis occurs in tumours with 3-5 cm in diameter [14] , however, in the present study, the disease-free interval, overall survival and prognosis of these patients were not evaluated.
Macroscopic ulceration was reported in 35/486 mammary lesions. Of these, 85.7% (30/35) were malignant. This result was superior to that observed by Oliveira et al. [25] who observed that 72.7% of the ulcerated tumours corresponded to malignant mammary gland tumours, confirming the ulceration as indicative of malignancy. Necrosis was evidenced, microscopically in 11.7% of malignant neoplasms (38/326) and there was a weak, positive correlation between the occurrence of necrosis and ulceration (P < 0.0001; rs = 0.223), which also correlated with tumour size and histological grade, as previously described. Necrosis also showed a weak, positive correlation with the occurrence of lymph node metastasis (P = 0.03; rs = 0.123), which did not occur for ulceration. However, Santos et al. [32] showed no influence of necrosis and ulceration on survival and disease-free interval in bitches with malignant mammary tumours.
The lymphatic system represents the main pathway for metastasis of malignant mammary tumours [5, 35] , however, only 106 lymph nodes of 217 diagnoses with at least one malignant mammary tumour were removed and identified with histopathological examination, due to the surgical technique chosen and the difficulty of resection of the axillary lymph nodes in the surgeries that involved the resection of the cranial glands. Of these patients, 53 (24.4%) had metastases, and 23, 30 and 20 presented grade I, II and III tumours, respectively. In 19 patients (8.8%), the lymph node was macroscopic enlarged, and in 34 (15.7%) there was no metastasis.
The limitations of this study were the imprecision of information about reproductive status (pseudocyesis, contraceptive use, and age at which ovariohysterectomy was performed), impossibility to determine body score, heterogeneity of clinical--surgical treatments, and lack of clinical follow-up. However, this study allowed the identification of the most frequent histological types, according to the Brazilian classification [5] , in addition to the characterization of prognostic factors already established in the literature (tumour size, lymph node involvement, histological grade), thus increasing the knowledge about the distribution of mammary gland tumours in dogs, especially in the Vitória metropolitan region, ES, Brazil.
In this study was possible to identify the information of the reproductive status before the diagnosis only in 47,8% (122/255) dogs. Fifteen dogs (5,9%) were spayed before diagnosis of mammary tumors, and most of them had malignant neoplasms (12/15). However, it was not possible to tell at what age these bitches were neutered. Spaying was performed, along eith mastectomy in 34,9% of dogs (89/255).
CONCLUSION
The results of this survey agree with a lot of others in the literature, and it represents the first epidemiological study of canine mammary tumours in Espírito Santo, Brazil. Tumor size, lymph node involvement, histopathological type, tumour grade, ulceration and necrosis are crucial information, for clinical and pathological approaches to canine mammary neoplasms.
